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ABSTRACT

The objective of the present study is to know effect of sugary feeding periods for honeybee colonies
[beginning (FSB), mid (FSM) and end (FSE) of the flowering seasons] on some physicochemical
properties of of bees' honey. All data were statistically tested using analysis of variance and discriminating
analysis to distinguish between the three types of honey for parameters that can be determined easily in
routine honey control. The characterization of three types of honey was carried out based on their quality
parameters [Moisture, total soluble solids (TSS), electrical conductivity, Specific gravity, viscosity, pH,
total acidity, free acids, lactones, glucose, fructose, sucrose, maltose content, HMF and Diastase and
Invertase enzymes]. The results showed that the three honey types could not be assigned by 100% into
their actual groups even when all parameters were used simultaneously in the analysis. Two samples of the
honey (FSM and FSE) were also assigned. Among different parameters used moisture, TSS, viscosity,
sucrose content. The results were discussed in the light of some beekeeping managements before and after
harvesting of honey, and the effectiveness of the chosen parameters.

contents; classification;

INTRODUCTION

Honey is a natural sweet material all over the world
and viscous liquid produced by honeybee (Apis mellifera L.)
that collect the nectar from blossoms, secretions of plants
and from secretions of some plant sucking insect (Soares et
al., 2008). Honeybees collect this primary material and
convert it into honey by combining with certain specific
substances called enzymes deposit, dehydrate and store in
the comb to ripen (Conti et al., 2007). Moisture content of
bees' honey represents a major importance to its stability
against granulation and fermentation. The low moisture
content conserves honey from microbiological activity and
thus it can be preserved for longer periods (Buba et al.,
2013; Akhtar et al., 2014; EI-Metwally, 2015). Honey also
contains water (13-20%) (Alvarez-Suarez et al., 2013).
Honey contains at least 181 components (White 1975).
Although the major fundamental of honey are nearly the
same in all honey samples, physical properties and the
precise chemical composition of natural honeys differ
according to the plant species on which the bees forage
(Cantarelli et al., 2008; James et al., 2009). Honey consists
primarily of sugars, at most fructose (40-50%) and glucose
(32—-37%), little amounts of sucrose (<2%) and mineral
constituents (ash less than 0.1%). Surveys of floral honey
compositions have established that the three major
components are fructose, glucose, and water (Doner, 1977).
In addition, di- and tri-saccharides, and some higher sugars
have also been identified (Crane, 1990; Horn and
Huellmann, 2002). Invertase activity ranged from 46.25 to
184.68 unit/kg, with an average of 88.61 unit/kg (Boussaid
et al., 2014). Diastase number of examined honey samples
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ranged between 3.0 and 100 unit/kg, with an average of
18.32. With regard to glucose oxidase content, it ranged
from 0.0 to 10.0 unit/g, with a mean value of 0.72 unit/g (El-
Metwally, 2015). In Egypt, many beekeepers use sugar
syrup to feed bee colonies in different periods to speed up
brood rearing, and this feeding affects honey production and
quality. Thus, this paper was carried out to evaluate the
effect of sugary feeding at different periods on bees' honey
quality. In this way, we verifying the quality of honey
through comparing with the international standards (Codex,
2001).

MATERIALS AND METHODS

Honey samples

Nine honey samples were collected; (feeding until
the beginning of flowering season (FSB), feeding until mid
of flowering season (FSM) and feeding until the end of
flowering (FSE)). The three honey samples/ groups were
taken at May of 2018 and 2019 seasons and were analyzed
a week after their arrived in the laboratory. In this study, the
magnitude of 13 parameters was determined, to describe the
different types of honey. These parameters were moisture
content (%), total of soluble solids (TSS), electrical
conductivity (EC), pH, free acidity, total acidity, lactone,
fructose, glucose, sucrose, HMF, Diastase and Invertase.
The determination of all parameters was carried out
according to Bogdanov et al. (2004). Sugar concentration
was expressed in g/100 g, and the electrical conductivity
was expressed in milli Siemens per cm. Total soluble solids
(TSS) was determined by using Abbe Refractometer and
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expressed in percentage. All values of free acidity and
lactone were calculated to mill equivalents per kilogram.
Statistical analysis:

For each variable, F test was used to test the
effectiveness of each parameter to discriminate the three
types of natural honey. Discriminating analysis was used to
distinguish between the three types of honey by separating
the variables in 4 sets: physical, acidity sugar variables, and
all other variables.

For each set of variables, the best one was
determined by comparing the percentage of correctly
classified cases. Wilks” Lambda test was used to test which
discriminate function contributes significantly to the
discrimination between studied groups. The significance of
Wilk’s Lambda was tested by the chi-square statistic.
Discriminating analysis was used also to classify the three
types of honey to each other and to 18 samples during two
years. For this purpose, each group of honey type was
divided into two subsets. One subset was used to estimate
the discriminant function, and the other was classified based
on the function rule derived for the first subset. The same
procedure was repeated by classifying the first subset
according to the function of the second one (Jobson, 1992).
The percentage of correct classification was then used to
determine the reliability of the classification rules.

RESULTS AND DISCUSSION

1. Physical properties:

The physical properties of the main Khfer El-shiehk
honey presented in this study for clover (Trifolium
alexandrenum) and Eucalyptus (Eucalyptus globulus)
honeys.

The results presented in Table 1, showed that there
are significant differences between the studied honey kinds

in moisture content. The moisture content of different honey
kinds was 22+1, 21+1 and 18+1% with FSB, FSM and FSE
respectively, in the second year non-significant within but
the lowest recorded with FSE were 19+1.277%. These
results are agreeing with those obtained by Nour (1998) and
Androde et al. (1999), who indicated that the moisture
content honey was14.6-22.1%.

And indicated that there are significant differences
in studying of two years between the Egyptian honey kinds
in the total soluble solids percentage (TSS %); the TSS % of
the studied in honey kinds were varied from (78+1,
78+0.5%), (7912, 80+0.625%) and (82+0.0, 81+0.436%)
with FSB, FSM and FSE honeys, respectively. These results
are in harmony with that obtained by Mesallam and El-
Shaarawy (1986), demonstrated that the TSS % of imported
honey was 79.0-82.0%. A higher TSS % values were found
by Abu-Tarboush et al. (1992). They pointed out that the
TSS % values of different Saudi honey kinds were 81.8-
86.6%. In the same line, Al-Khalifa and Al-Arify (1999),
reported that the TSS% of unifloral Saudi honeys was 82.7-
84.33%.

Non-significant differences in the electrical
conductivity (EC) among the studied honey types they were
ranged 0.005£0.001% to 0.007+£0.002% in two studying
year. The comparison of the obtained results with the values
limited showed that all samples of honeys within the limit
for EC <800uS/cm.

The electrical conductivity is a good criterion of the
botanical origin of honey and today it is determined in
routine control instead of the ash content. The differences in
the electrical conductivity value in honey kinds may be
attributed to the concentrations of minerals; some other
constituents such as organic acids, also proteins and possibly
some complexes like sugars.

Table 1. Effect of sugary feeding periods of flowering of flowering season (beginning FSB, mid FSM and end FSE)
on some physical properties of bees' honey during May of 2018 and 2019 seasons.

Treatments

Feeding until the beginning Feeding until mid of Feeding until the end

Parameters of flowering flowering of flowering F. value LS.Dom)
Moisture (%) 22+0.458a 20+1.609% 19+1.277a 574N
First TSS (%) 78+0.500b 80+0.625a 81+0.436a 18.42** 140
ar Electrical conductivity (%) 0.005+0.002a 0.007+0.001a 0.007+0.002a 120N
e Specific gravity (g/ml) 1.397+0.4038a 1.402+0.265a 1.41040.292a 0.01Ns
Viscosity(Poise) 34.940.964b 34.9+1.007b 48.00+£1.169% 124.23** 2.66
Moisture (%) 22+1.000a 21+1.000a 18+1.000b 9.75* 262
Second TSS (%) 78+1.000b 79+2.000b 82+0.000a 9.75* 2.62
a Electrical conductivity (%) 0.005+0.001a 0.005+0.002a 0.005+0.001a 0.001Ns
e Specific gravity (g/ml) 1.39740.100a 1.345+0.346a 1417+0.464a 0.07"s
Viscosity(Poise) 34.9+2.1000b 31.66+0.822c 69.00+0.889% 683.34** 311

Means in the same row followed by different letters are significantly different (L.S.D Test at 0.05).

*: Significant; **: Highly significant; NS: Non-significant.

Specific gravity of tested honey samples obtained
ranged between 1.345+0.346 and 1.417+0.464 g/ml.
Maximum density average value, 1.417 g/ml was found in
FSE honey samples, while, minimum average value,
1.345+0.346 g/ml, was showed in FSM honey samples.
Valdes -Silverio et al. (2018) recorded that, the specific
gravity of eucalyptus honey samples from Ecuador were
ranged from 1.4 to 1.46. Zidan (2019) no significant the
specific gravity was 1.415 +0.018 to 1.417 +0.073 of all
samples were found of Sidr honeys produced in Arab
countries (Egypt, Algeria, Libya and Yemen) this value

meet honeys quality European Legislation, European
Commission (2001).

High significant differences between the studied
honey kinds in the viscosity value. The viscosity value of
studied honeys was 34.9+2.1, 31.66+0.822 and 69.00+0.889
poise with FSB, FSM and FSE respectively. In the second
year of studying FSE honey had the highest value of
viscosity (48.00+1.169) poise followed by FSB and FSM
honeys recorded 34.9+0.964, 34.9+1.007 poise respectively.
Viscosity values ranged from 13.6 to 69.0 poise in Egyptian
honey, while it ranged between 48.1 and 87.5 poise in
Iragian honey samples. Therefore, Viscosity of Iragian
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honey was more than those of Egyptian ones (Fathy et al.,
2015).

2. Chemical composition for honeys

The average values of free acidity, lacton, total acidity and
pH of the FSB, FSM and FSE honey samples in this
studying is indicated in Table2, Free acidity content for all
tested samples in the first year has no-significant among all
of them, recorded 13.5+0.50, 13.5+1.00 and 12.5+1.00 meq
/Kg with FSB, FSM and FSE respectively. The highest
value of free acidity (13.5+1 meg/kg.) was recorded in FSB
honey sample, in contrast the lowest value was found in FSE

sample which was 12.5+1.00 meg/kg. lactone values of the
all tested honey samples were non-significant among,
recorded ranged from 16+0.50 to 16+1.32 meg. /kg in the
first year. The high recorded value 18+1.323 meq. /kg in
FSB honey samples, while the lowest amount 17+0.500,
17.5+1.0 meg. /kg was noticed in FSM and FSE samples.
For total acidity of analyzed honey samples in the first year
it was ranged from 28.5+0.50 to 29.5+1.32 meqg/kg. The
second year in all honey samples ranged 29+1.0 to 29+1.732
meq/kg (Table 2).

Table 2. Effect of sugary feeding periods (beginning FSB, mid FSM and end FSB) of flowering season on bees' honey

acidity during May of 2018 and 2019 seasons.

Treatments Feeding until the Feeding until mid of  Feeding until the Fvalue LSD
Parameters beginning of flowering flowering end of flowering ) ~-2005)

Free acidity (meq)/Kg 13.5+0.50a 13.5+1.00a 12.5+1.00a 1.71NS
First Lactone (meq)/Kg 16+1.32a 16+1.00a 16+0.50a 0.001
year Total acidity (meq)/Kg 29.5+1.32a 29.5+1.32a 28.5+0.50a 171N

PH 4.5+0.50a 4.240.30b 4.5+0.40a 9.00* 0.23

Free acidity (meq)/Kg 11+0.500b 12+0.866ab 13.5+1.000a 9.50* 1.60
Second Lactone (meq)/Kg 18+1.323a 1740.500a 17.5+1.000a 0.50NS
year Total acidity (meq)/Kg 29+1.323a 29+1.732a 29+1.000a 0.001Ns
PH 4.540.458a 4.06+0.306a 4+0.265a 1.26NS

Means in the same row followed by different letters are significantly different (L.S.D Test at 0.05). *: Significant; **: Highly significant; NS: Non-

significant.

Codex Alimentarius Standard, (1998) recommend
value of total acidity of honey not more than 50.0 meg/kg.
These results are in good accordance with those recorded by
Crecente and Latorre (1993); Lopez et al. (1995) and Costa
et al., (1998) who reported that the total acidity content of
honey were 20.0 - 61.30 meg/kg. On the same line, Paramas
et al. (1999) noted that total acidity of sixty Spanish honey
samples were 21.8 - 69.6 meg/kg.

There are significant differences in pH value
between honey kinds tested in first year and non-significant
among them in second year. FSE honey had the lowest value
of pH (4+0.265, 4.5+0.4), followed by FSM honey
(4.06+0.306, 4.2+0.30), and FSB honey which had the
highest pH value (4.5+0.50, 4.5+0.458) (table 2). These
results are in accordance with those reported by Mesallam
and El-Shaarawy (1986); Abu-Tarboush et al. (1992) and
Latorre et al. (1998), who recorded that the pH value of
honey was 3.60-5.40. In the same line, Hassan and Abd EI-
Aal et al. (1997) and Paramas et al. (1999), noted that the
pH value of honey was 3.20-5.55. In general pH value
affected somewhat by the amounts of the various acids
present, but mostly by the mineral content likely calcium,
sodium, potassium and other ash constituents, as example
honey rich in ash generally show high pH value (White,
1976).

The data given in Table 3, showed that there are
significant differences among the studied honey kinds in
fructose content, the maximum value was 42.9+0.20 and
43.410.529% with FSE honey followed by FSM honey
which was 39.8+0.62 and 40+0.854%, while the lowest was
37.7+0.46 and 39.1+0.889% with FSB honey in the two
years respectively. There are significant difference among
FSE honey and others studied of honey kinds in glucose
content, the recorded maximum were (35.2+0.66,
35+0.458%) with FSE honey followed (32.7+0.66,
32.3+0.781%) with FSM honey and the lowest with FSB
honey which was (30.7+0.66, 31.4+0.721%) respectively.

From the previous investigations in Egypt, EI-Sherbiny et
al. (1980) found that fructose content was ranged from 38.9
to 41.96% in Egyptian honeys, (citrus, clover, and cotton).
He also found that glucose content was ranged from 33.66%
to 36.50%. The range of fructose and glucose contents in
several studies of Egyptian honeys were determined by
Hassan and Abd Elaa (1997) (33.18-38.82% and 28.14-
39.72% respectively), Nour (1988) (32.76-41.94% & 30.72-
39.25% respectively) and Rateb (2005) (36.8-43.0% &
27.1-34.0% respectively). There are high significant
differences among the honey kinds of studied in sucrose
content during two years.

FSE honey the high maximum value was (3.2+0.28,
7.4+0.745%) followed FSM which was (2.2+0.34,
1.6£0.187%) and the lowest value was (0.83+ 0.07,
0.9+0.090%) with FSB respectively. From the previous
results, the percentage of fructose, glucose and sucrose
contents was a distinguishing mark between the honey that
collected during FSB, FSM and FSE flowering season.
Sucrose content in Egyptian honey was found by many
researchers such as Hassan and Abd-Elaa (1997) to be 0.20-
2.82%; by Nour (1988) to be 1.76-12.7% with a mean value
of 6.69% and Rateb (2005) to be 0.05-8.0% with an average
of 1.979%. It was noticed that the sucrose percentage of all
the honey samples was less than the maximum conventional
limit of 5% recommended by the European Community
(European Economic Commity, 2002). Non-significant
maltose contents between the tested of honey samples
during two years. The first year a range of 1.7+0.23 to
1.99%, and range of 2.3+0.321 to 2.5+0.445 in the second
year (Table 3). Metwaly (2010) found that no significant
differences were found between maltose content in citrus
(mean value 2.01%), clover, (3.33%) and cotton (3.32%)
honeys.

High significant differences were found between of
the reducing sugars (F+G) among of all examined FSB,
FSM and FSE honey samples ranged which between
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68.4+0.72 to 78.1+0.75% and 70.5+1.552 t078.4+0.265%
during two years respectively (Table 3). EI-Metwally (2015)
noticed that the mean values of fructose, glucose and total

Table 3. Effect of sugary feeding periods (beginning FSB, mid FSM and end FSB) of flowering season on sugar
percentages in bees' honey during May of 2018 and 2019.

reducing sugars were 33.33, 28.24 and 61.56%, respectively
of some Egyptian honey samples.

Treatments

Feeding until the

Feeding until mid of

Feeding until the

Parameters beginning of flowering flowering end of flowering F. value L.S.Dooy

Fructose 37.7+0.46¢ 39.8+0.62b 42.9+0.20a 103.51** 1.01
Glucose 30.7+0.66b 32.7+0.66b 35.2+0.66a 17.25*

First Sucrose 0.83+£0.07c 2.2+0.34b 3.2+0.28a 88.32** 0.497
Year Maltose 1.99+0.20a 1.840.17a 1.7+0.23a 1.99N8

F+G 68.4+0.72c 72.5+1.28b 78.1+0.75a 238.42** 1.238
G/W 1.6+0.09a 1.57+0.07a 1.71+0.08a 1.75Ns
(G-W)/F 0.31+0.03a 0.3+0.02a 0.34+0.03a 173"\

Fructose 39.1+0.889c 40+0.854b 43.4+0.529a 319.24** 0.498

Glucose 31.4+0.721b 32.3£0.781b 35+0.458a 16.85* 1.792

Second Sucrose 0.9+£0.090b 1.6+0.187b 7.4+0.745a 198.36** 0.995
Year Maltose 2.5+0.445a 2.3+0.321a 2.5+0.494a 4.88Ns

F+G 70.5+1.552b 72.3+1.249 78.4+0.265a 68.73** 1.961

G/W 1.43+0.040b 1.62+0.160ab 1.84+0.105a 13.33* 0.224

(G-W)F 0.24+0.020b 0.31+0.050ab 0.37+0.021a 10.23* 0.0778

(Fructose + Glucose): Reducing sugars: 65% or more (Normal Range).
Sucrose: 5% or less for clover, cotton and medical plants honey (Normal R

ange).

Means in the same row followed by different letters are significantly different (L.S.D Testat 0.05).*: Significant; **: Highly significant; NS: Non-

significant.

In the first year the glucose to water ratio (G/W)
between all examined FSB, FSM and FSE honey samples
were non-significant ranged 1.57+0.07 to 1.71+0.08%, and
significant among honey samples reached 1.43+0.040 to
1.84+0.105% in the second year (Table 3). EI Sohaimy el al.
(2015) estimated that glucose to water ratios were ranged
from 0.72 to 1.56. In the same table, general average values
of (glucose — water)/ fructose ((G-W)/F) ratios for all
analyzed FSB, FSM and FSE honey samples of 0.3+0.02 to
0.34+0.03% was non-significant in the first year. But it was
significant among all honey samples ranged 0.24+0.020 to
0.37+0.021% during the second year. Glucose and fructose
constituted the primary sugars in all honey. The percentage
of fructose should exceed that of glucose in honey of good
quality (Kaakeh and Gadelhak, 2005). Honey samples with
a glucose- water to fructose ((G-W)/F) ratio higher than 0.5
predicted rapid granulation and a ratio less than 0.2
predicted slow granulation (Manikis and Thrasivoulou,

2001).We concluded from this point that FSB honey
samples are slow granulation when compared to FSM and
FSM honey samples.

The data presented in Table 4, indicated that there
are Non-significant differences between the studied honey
kinds concerning their HMF content. The HMF content of
the studied honey kinds, was ranged from 6.79 to 8.18
mg/kg. FSB honey had the lowest value (7.46x 0.22 mg/kg)
followed by FSM honey (7.62+ 0.21 mg/kg), while the FSE
honey had the highest value of HMF (7.70+ 0.27 mg/kg).
The HMF content of the studied honey kinds were
considered lower than the values recommended by Codex
Alimentaruis Standard (1998) which recommended HMF
contest not more than 60mg/kg. Fatehe (2013) found that the
HMF concentrations in certain Egyptian honey samples
ranged from zero to 13.44 mg/ kg. El-Metwally (2015)
recorded that the HMF content in investigated Egyptian
honey samples was 15.05 mg/kg.

Table 4. Effect of sugary feeding periods (beginning FSB, mid FSM and end FSB) of flowering season on Hydroxy
methyl furfural (HMF) in bees' honey during May of 2018 and 2019 seasons.

Treatments Feeding until the beginning ~ Feeding until m

id of Feeding until the end

Test years of flowering flowering of flowering F.value L.S.Deos)
First year 7.68+ 0.38a 7.68+ 0.28a 7.68+0.17a 0.001Ns -
Second year 7.23+0.23a 7.55+0.41a 7.72+0.39% 1.67Ns
Range 6.79 - 8.13 7.06-8.18 7.26-8.14 - -—-
Average 7.46+0.22a 7.62+0.21a 7.70+0.27a 2.73Ns

Means in the same row followed by different letters are significantly different (L.S.D Test at .05).

*: Significant; **: Highly significant; NS: Non-significant.

The data present in table 5, show the Diastase and
Invertase activity. The diastase number ranged 5.45 to 6.82
units in all tested of honey types. Diastase the honey was not
significant in the first year. The high significant value
(6.82+0.15units) was noticed in FSB honey samples
followed FSM honey samples 6.10+0.48 units, while, FSE
honey samples had the lowest value (5.56+0.42 units).
These results with agreement the diastase number of some
Egyptian honey samples ranged between 3.0 and 100.0
u/kg, with general mean value of 18.32 u/kg. The diastase
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activity of certain Argentinean honey types ranged between
3.9 and 39.3 Goth units (Aloisi, 2010).

There are non-significant differences between the
studied of all honey samples concerning their invertase
enzyme activity content. In the first year FSB honey samples
recorded high values 41.5+ 1.32 unit/kg, followed FSM
honey samples 41.32+0.95unit/kg. and 41.32+ 0.46unit/kg.
for FSE. These results nearly similar with second year
results. Dinko (2014) recorded that invertase activity of
some Bulgarian multifloral honey was 6.06 +5.92. Invertase
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is the enzyme responsible for converting sucrose to fructose
and glucose which are the main sugars in honey (White,
1975). Many beekeepers care for activating their colonies
early in the season, so that they would produce high quantity

of forager bees at the beginning of flowering season. The
foragers are thought to be responsible for producing
enzymes which are important in converting nectar to honey
(Costa and Cruz-Landim, 2002).

Table 5. Effect of sugary feeding periods (beginning FSB, mid FSM and end FSB) of flowering season on Diastase
and Invertase (U/Kg) activity in bees' honey during 2018 and 2019 seasons.

Treatments Feeding until the beginning Feeding until mid of  Feeding until the end of | LSD.
Test years of flowering flowering flowering F.value 200
First year 6.82+0.15a 6.00£0.78a 5.66x0.33a 5.02N8
Diastase ~ Second year 6.60+0.30a 6.20+0.53a 5.45+0.48b 9.35* 0.75
enzyme Average 6.71+0.19a 6.10+0.48a 5.56+0.42a 2.19NS
Range 6.60 — 6.82 6.00 —6.20 5.45 -5.66
First year 415+ 1.32a 41.32+0.95a 41.32+ 0.46a 0.15Ns
Invertase  Second year 41.2+1.07a 41.1+0.86a 41.22+0.46a 0.10Ns
enzyme Average 41.2+1.19 41.1+0.91a 41.22+0.46a 0.09Ns
Range 40.9-42.31 40.24- 41.96 40.71-41.73
Means in the same row followed by different letters are significantly different (L.S.D Test at 0.05).
*: Significant; **: Highly significant; NS: Non-significant.
Discrimination analysis of three main types of Egyptian  carried out according to Bogdanov et al. (2004).

honey

The objective of the present study is to use
discriminating analysis to distinguish, three bee honey types
by testing the equality of the averages investigated of the
physicochemical parameters according to the sugary
feeding periods by parameters that can be determined easily
in routine honey control.

The characterization of three honey types (feeding
until the beginning of flowering, feeding until mid of
flowering and feeding until the end of flowering) and sugar-
feeding honey was carried out based on their quality .The
parameters under this study were, the magnitude of 15
parameters chosen for describing the different types of
honey. Total of soluble solids (TSS), electrical conductivity
(EC), viscosity, pH, free acidity, total acidity, lactone,
moisture, fructose, glucose, sucrose, maltose, HMF, diastase
and invertase. The determination of all parameters was

Discriminating analysis was used to discriminate between
three types of natural honey by separating the variables in 4
sets: physical, acidity sugar variables, enzymes activity and
all 15 variables.

The first function discriminated the three groups
significantly from each other Table 6 (Chi-square = 66.200,
P<0.000) as shown in Fig. (1) the 3 groups could be
separately obviously from each other.

By using the standardized coefficients of two
functions it could be known each character participle
effectively in the separation. For each set of variables, the
best one was determined by comparing the percentage of
correctly classified cases. Wilks’ Lambda test was used to
test which discriminating function contributes significantly
to the discrimination between groups studied. The
significance of Wilk’s Lambda was tested by the chi-square
statistic.

Table 6. Multivariate analysis of variance for testing the equality of the averages estimated of the physicochemical
parameters according to the groups' sugary feeding periods.

Parameters Wilks' Lambda F dfl df2 P <0.05
Moisture % 0.541 6.369 2 15 0.010**
T.SS% 0.432 9.853 2 15 0.002**
Electrical conductivity % 1.000 0.000 2 15 1.000Ns
Specific gravity (g/ml) 0.995 0.035 2 15 0.965NS
Viscosity(Poise) 0.347 14.145 2 15 0.000***
Free acidity (meq)/Kg 0.985 0.111 2 15 0.896NS
Lactone (meq)/Kg 0.978 0.167 2 15 0.848Ns
Total acidity (meq)/Kg 0.896 0.870 2 15 0.439Ns
PH 0.970 0.232 2 15 0.796Ns
Fructose 0.984 0.125 2 15 0.884Ns
Glucose 0.992 0.061 2 15 0.941Ns
Sucrose 0.549 6.161 2 15 0.011**
Maltose 0.997 0.020 2 15 0.980Ns
Diastase (DN) 0.889 0.937 2 15 0.414Ns
Invertase (U/Kg) 0.997 0.021 2 15 0.979Ns
HMF 0.982 0.134 2 15 0.876NS
Discriminant Scores from Function 1 for Analysis 1 0.000 47531.196 2 5 0.000***
Discriminant Scores from Function 2 for Analysis 1 0.219 8.927 2 5 0.022**

Discriminating analysis was used also to classify the
three types of honey to each other and to 9 samples of honey.
For this purpose, each group of honey types was divided into
two subsets. One subset was used to estimate the discriminate
function, and the other was classified based on the function
rule derived for the first subset. The same procedure was

repeated by classifying the first subset according to the
function of the second one (Jobson, 1992). The percentage of
correct classification was then used to determine the reliability
of the classification rules. Results discriminate analysis
showed that two discriminate functions were formed
significant among these honey samples. Parameters analysis
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showed significant differences on moisture, TSS, viscosity
and sucrose according to honey types Wilks' Lambda
between 0.347 to 0.549 (P = < 0.011 to 0.000) (Table 6). The
discriminate two functions was used for the classification of
honey types according to the sugary feeding periods , since it
explained 100% of total variance and a good canonical
correlation equal t00.997. In addition, the standardized
canonical discriminate function coefficients correlation for
each of the significant physicochemical parameters that
contributed to the sugary feeding periods’ discrimination of
honey types (Table 7). In the end summary regarding the
identification of the variables with the highest discriminatory
power, higher the absolute value of a standardized canonical
coefficient, the more significant the variable is for the
determination of honey types. Remarkable, discrimination
ability of conventional physicochemical parameters, thus
multivariate data evaluation of traditional physical and
chemical measures and may also be helpful to establish new
criterion for a more reliable description of the honey types and
for the determination of their honey types.

Table7. Standardized Canonical Discriminate Function

Coefficients
Function
Parameters -1 2
Fructose 7.063 -18.235
Sucrose -2.863 22.368
Maltose -417  9.407
HMF -5.603 5.198
Discriminate Scores from Function 1 for Analysis1 ~ 2.748 1.508

By using the standardized coefficients of two
functions it could be known each character participle
effectively in the separation. Evaluation of the different
characters in the two functions in table 7, the best character
which participle in the separation in different groups in
function 1 are fructose (7.063), sucrose (-2.863), maltose (-
A417) and HMF(-5.603) are less effective in the separation
in 3 groups. On the other hand, the best character participle
effectively in the separation by the function 2 is sucrose
(22.368).

Classification and discriminate of the three groups to
each other:

The three groups were classified to each other to
know the misclassification rate of each group in relation to
other groups. As shown in table 8, the three groups (FSB,
FSM and FSE honeys) could be classified correctly (100,
66.7 and 50 % for FSB, FSM and FSE honeys, respectively)
to their groups. The results showed that FSB, FSM, and
FSE honey could not be assigned by 100% into their actual
groups even when all parameters were used simultaneously
in the analysis. FSM and FSE honey samples were assigned
as sugar-feeding honey. Among different parameters used,
moisture, TSS, viscosity, sucrose content, accounted for the
most distinguishing parameters between the different honey
types. The results were discussed in the light of some
beekeeping managements before and after harvesting of
honey, and the effectiveness of the chosen parameters.

Table 8. Discriminatory power of the developed statistical model for the classification of sugary feeding periods for

the honey bee colonies.

Predicted Group Membership

Treatments Feeding till beginning Feeding till mid Feeding till end Total

Feeding till beginning 6 0 0 6

Count Feeding till mid 0 4 2 6

Original Fe_zeding till gnd_ 0 3 3 6
Feeding till beginning 100.0 0 0 100.0
% Feeding till mid 0 66.7 333 100.0
Feeding till end 0 50.0 50.0 100.0

Feeding till beginning 3 2 1 6

Count Feeding till mid 0 0 6 6

Cross- Feeding till end 0 6 0 6
validated? Feeding till beginning 50.0 333 16.7 100.0
% Feeding till mid 0 0 100.0 100.0
Feeding till end 0 100.0 0 100.0

a. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the functions derived fromall cases other than that case.

b. 72.2% of original grouped cases correctly classified.
¢. 16.7% of cross-validated grouped cases correctly classified.
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Fig. 1. Canonical discrimination functions

The pervious results, ease of application and
reproducibility, have been previously reported in the
literature in studies involving Spanish (Serrano et al., 2004
and Karabagias et al., 2017), Moroccan (Chakir et al., 2016)
and Greek (Karabagias et al., 2014) unifloral honeys, in
agreement with the present results. Ruoff et al. (2007) stated
that several exceptions are listed in the above-mentioned
standards, thus indicating the limited value of this measure
and for the discrimination of honey types.
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